Background: Acute appendicitis (AA) is one of the most common causes of acute non-traumatic abdominal pain. The use of computed tomography (CT) in facilitating the diagnosis of AA in patients above the age of 50 where right iliac fossa (RIF) pain may represent a wide spectrum of differentials is well established. However, few studies have explored the value of low radiation, unenhanced focused abdominal computed tomography (FACT) in adolescent patients where AA represents the main differential for RIF pain. In this study, we aimed to examine the diagnostic accuracy of FACT scan in diagnosing AA in adolescent patients at a tertiary teaching children's hospital.
Introduction
Acute appendicitis (AA) is the most common general surgical emergency worldwide requiring a prompt diagnosis to prevent progression to gangrene and perforation [1] . It is associated with a low-fiber diet with a life-time risk of approximately one in seven individuals being affected [2, 3] . In most instances the clinical diagnosis of AA may be straightforward with classical symptoms of anorexia, pyrexia and right iliac fossa (RIF) pain. However, atypical cases may result in either delay in treatment or unnecessary hospital admission and surgery [4] . Whilst the mortality in non-perforated AA is less than 1% it is known to rise as high as 5% in young and elderly patients with atypical presentations making perforation more likely [5] .
AA has classically been a clinical diagnosis based on history, physical examination and laboratory findings [2, [6] [7] [8] . Therefore those with a typical history are candidates for surgery without radiological evaluation [9] . However, imaging is advisable in patients with atypical signs, pediatric patients, young woman and elderly patients particularly above the age of 50 in order to exclude other differential diagnosis [10] [11] [12] [13] . Consequently, computed tomography (CT) is becoming increasingly utilized in making the diagnosis of AA and is supported by literature demonstrating that those patients who undergo CT scan have lower negative appendectomy rates [14] .
Contrast based abdominal CT scan has a reported a sensitivity of 95%, specificity of 100%, accuracy of 98%, positive predictive value of 100% and a negative predictive value of 97% [8] . However, conventional intravenous (IV) contrast based abdominal CT scans can be associated with contrast and radiation related risks. Patients above the age of 10 can be considered similar to adults with respect to abdomen and pelvic CT radiation dosing whereas patients younger than this cannot. Therefore, alternative lower risk protocols of CT scanning should be developed particularly when imaging younger patients [15] . Focused abdominal computed tomography (FACT) involves limiting the imaged field from the L2 vertebra to the symphysis pubis. This imaging modality has potential advantages over conventional CT by lowering the radiation dose delivered to the patient [15] . It is readily available, operator independent, relatively easy to perform, and provides results that are easy to interpret [16] [17] [18] [19] [20] . Furthermore, as IV contrast is not required, it is advantageous for patients with poor renal function or difficult IV access [16] [17] [18] [19] [20] . However at present, the use of FACT scan has not been widely adopted. Therefore, the aim of this study was to 1) determine the diagnostic accuracy of FACT scan in adolescent cases of suspected cases of AA at a tertiary teaching children's hospital; and to 2) establish if this imaging modality should be more routinely utilized.
Methods
The study was based on a cross-sectional design and occurred over a 6-month period between November 2008 and May 2009 at the Diagnostic Radiology Department located in The Children's Hospital and Institute of Child Health, Lahore, Pakistan. All patients aged between 10 -25 years with a clinical suspicion of AA based on history and examination findings of RIF pain, nausea, vomiting and pyrexia were included in the study. Patients with previous abdominal or pelvic surgery and pregnant patients were excluded from the study. Informed consent was taken from all patients and the necessary institutional ethical approval was granted prior to study commencement.
All patients included in the study underwent FACT scan were subjected to a FACT Scan using SIEMIENS multi-slice CT, Volume zoom. Axial images were obtained from L 2 vertebra level to symphysis pubis with a slice thickness of 5 mm and pith of 1.5. All scans were obtained without oral, rectal and IV contrast.
FACT scan findings suggestive of acute appendicitis were defined as presence of at least one of the following parameters: 1) outer to outer diameter > 6mm; 2) appendicolith; 3) peri-appendiceal free fluid; 4) peri-appendiceal fat stranding; 5) phlegmon; and 6) abscess formation. Those patients who satisfied the criteria underwent operative intervention. Additionally, intra-operative findings were used as the ultimate gold standard of diagnosis whereby FACT scan findings were confirmed or refuted intra-operatively. All information was recorded on a study specific proforma for purposes of data collection.
Statistical analysis was performed using SPSS version 10.0. Frequency and percentage was computed for categorical variables such as gender. Mean and standard deviation was computed for quantitative variables such as age. Sensitivity, specificity, negative predictive value, positive predictive value and diagnostic accuracy of FACT scan were subsequently calculated using SPSS software.
Results
A total of 95 patients were included in the study that satisfied the inclusion and exclusion criteria. Fifty-one patients (53.7%) were males and 44 patients (46.3%) were females. The mean age of diagnosis of AA was 12.75 ± 2.7 years (range10 -21 years). All 95 patients included were subjected to FACT scan within 2 -4 h of presentation and underwent operative intervention. The most common finding on FACT scan was periappendiceal fat stranding demonstrable in 62 patients (65.3%).
Other common findings were outer to outer diameter more than 6 mm in 30 patients (31.6%), presence of appendicolith in 20 patients (21.1%) and peri-appendiceal fluid in 11 patients (11.6%). Less frequently encountered findings on FACT scan were presence of phlegmon formation in four patients (4.2%) and abscess formation in two patients (2.1%).
Amongst the patients included in the study, 85 patients (89.4%) had FACT scan findings suggestive of AA and 10 (10.5%) did not meet FACT scan criteria of AA ( Table 1) .
The most common intra-operative finding was a thickened inflamed appendix wall found in 87 patients (91.6%). Other common findings included the presence of peri-appendiceal fluid in 57 patients (60%), peri-appendiceal fat stranding in 68 patients (71.6%) and appendicolith found in 20 patients (21.1%). Less frequently encountered inter-operative findings were phlegmon formation apparent in seven patients (7.4%) and abscess formation apparent in four patients (4.2%).
Eighty-eight patients (92.6%) were confirmed to have AA after surgical intervention, whilst seven patients (7.4%) did not demonstrate pathological findings of AA either on FACT scan or on intra-operative macroscopic findings (Table 2) . However, on histological microscopic analysis of the retrieved specimen histology, it was suggestive of mild to moderate inflammation likely secondary to operative instrumentation.
All patients who were suspected of having AA on premises of clinically findings and FACT scan underwent surgery under general anesthesia (GA). Amongst the 85 patients (89.4%) who were found to have FACT scan findings suggestive of AA, 84 patients (88.4%) were confirmed to have AA intra-operatively. Additionally, of the 10 patients (10.5%) who did not demonstrate the radiological findings of AA on FACT scan, two patients (2.1%) were confirmed to have AA intraoperatively.
An appendicolith was demonstrated on FACT scan in 20 patients (20.1%) and surgical intervention confirmed the finding of an appendicolith in the lumen of appendix (Fig. 1) .
Peri-appendiceal fat stranding was the second most sig- Aslam
nificant finding on FACT scan and was demonstrated in 62 patients (65.3%) (Fig. 2) .This finding was also demonstrated intra-operatively in 68 patients (71.6%) therefore suggesting it to be a reliable finding on FACT scan towards radiological diagnosis of AA. The outer to outer diameter of appendix on FACT scan of greater than 6 mm was demonstrated in 30 patients (31.6%). An intra-operative inflamed thickened appendix wall was seen in 87 patients (91.6%) (Fig. 3) .
Overall, the study demonstrated that that in suspected AA, a non-enhanced FACT scan is 97.32% sensitive, 88.42% specific, 96.8% accurate with a positive predictive value of 98.8%
and negative predictive value of 80.0% (Table 3) .
Discussion
AA is one of the most common surgical emergencies occurring worldwide [21] . There is no single sign, symptom or diagnostic test which absolutely confirms the diagnosis and morbidity is increased with diagnostic delay. Nonetheless, it is also important to minimize negative appendectomy rates due to associated operation related co-morbidity [15] . The CT scan especially after the advent of multi-detector scanner machines has been increasingly used for detection of diseased appendices and also particularly in those above the age of 50 years of exclude other pathologies such as malignancy [22] [23] [24] [25] . Furthermore the use of thin-section CT scan significantly improves the diagnosis of acute appendicitis as shown by Weltman et al who compared 5 mm against 10 mm, finding 5 mm slices to be superior in detecting peri-appendiceal inflammatory changes [26] .
Importantly, literature suggests that contrast based abdominal CT scan is an accurate imaging technique in identifying AA with the sensitivity of 95%, specificity of 100%, and accuracy of 98% [8] . Our study demonstrates that in AA, a nonenhanced FACT scan is 97.32% sensitive, 88.42% specific and 96.8% accurate. Whilst it may be limited by specificity, the FACT scan has potential advantages over conventional CT imaging of the whole abdomen. FACT scan enables more rapid FACT Scan in Adolescent AA J Curr Surg. 2018;8(1-2):7-12 patient scanning with minimal radiation exposure, does not require IV contrast and therefore is also more cost-effective.
Most of the published studies in the field of FACT scan are contrast based. Studies on non-enhanced focal CT are less frequently encountered [15] . A Medline search using key words such as focused, abdominal, CT appendicitis revealed only seven results. To our knowledge, only one other prospective study has currently been published on this subject and encouraging compassions can therefore be made. Lane et al examined 300 consecutive patients prospectively by using non-enhanced thin-section focused helical CT for the detection of suspected AA. Their study demonstrates sensitivity of 96%, a specificity of 99%, and an accuracy of 97%, which is supported by our results demonstrating a sensitivity of 95.4% and an accuracy of 96.8% [27] . There was no use of contrast (IV, oral or rectal) in this study. Therefore, intra-peritoneal fat was used as the principal intrinsic contrast medium of a non-enhanced FACTS scan. We demonstrated that many radiological CT scan signs of AA such as appendicolith, inflammatory stranding of mesenteric fat, appendiceal thickening, or fluid collections, abscess or phlegmon are demonstrable without the need for IV or bowel contrast administration.
Additionally, we advocate the need to highlight the sensitivity and specificity values of each radiological sign that is suggestive of AA, in order to enable a more accurate interpretation of the FACT scan findings. The most common finding on FACT scan was peri-appendiceal fat stranding found in 62 patients (65.3%). All inflammatory pathologies localized to the appendiceal and cecal region can elicit inflammatory mesenteric fat stranding. When such stranding is demonstrated on CT, AA is an important differential to consider [28] . Results of a study evaluating the sensitivity and specificity of the several CT signs associated with AA showed that peri-appendiceal inflammation is the most sensitive sign, occurring in 100% of 93 cases of AA [29] . The likely reason for this is that wall thickness is better-appreciated using IV contrast.
The second most common finding was outer to outer diameter more than 6 mm seen in 30 patients (31.6%). This is a clinically significant finding as an enlarged appendix of greater than 6 mm is currently thought to be 93% sensitive and 100% specific for acute appendicitis as demonstrated in comparable studies [29] . Therefore it is important that if the appendix is found to be enlarged, a careful evaluation for peri-appendiceal inflammation is necessary to ensure the appropriate diagnosis is made.
Other important findings in our study were the presence of an appendicolith and peri-appendiceal fluid found in 20 (21.1%) and 11 patients (11.6%) respectively. The visualization of an appendicolith may aid in identification of the appendix on CT imaging. Lowe LH et al demonstrated an appendicolith detected on CT has a sensitivity of 65% and a specificity of 86% for diagnosing AA and has a positive predictive value of 74% and a negative predictive value of 26% [30] . Furthermore, the use of bone window settings is helpful for detecting appendicolith when evaluating patients with AA, particularly in patients where evidence of AA is equivocal [29] .
The most fundamental finding of our study was to find an appendicolith intra-operatively in all patients who demonstrated this on FACT scan. This suggests that use of the FACT scan is highly accurate in diagnosing AA occurring secondary to an appendicolith. However, other studies have concluded that although an appendicolith is significantly associated with AA, the detection of an isolated appendicolith on CT is not sufficiently specific to be the sole basis for the diagnosis of AA [30] . Therefore, it is important to use other radiological criteria that have been discussed to support the radiological diagnosis of AA.
Other important considerations include that the FACT scan is faster and is available at potentially lower cost than a routine contrast-enhanced CT scan of the abdomen and pelvis. This is attributed to the fact that there is no extra preparation required or need for contrast administration. It also reduces the patient radiation burden as a limited area is scanned and a repeat scan after contrast administration is avoided.
Overall, there is limited consensus on using focused versus non-focused technique in diagnosis of AA. The principle objection to focused CT over non-focused CT could be the difficulty in identifying the cecum on the scans obtained in some patients and the failure to demonstrate other intra-abdominal pathologic conditions outside the scanning field [10] . However, given findings of this study it appears that the benefits previously described and high diagnostic yield demonstrated suggest that the FACT scan is a potentially advantageous imaging modality. This is particularly important when AA is the principal differential in adolescent patients who are less likely to have other co-existing pathologies.
It is pertinent to note the study by Rao et al which concludes that a CT scan should be used routinely in all suspected AA patients due to the very high sensitivity (> 95%) and specificity (> 95%) for diagnosing AA [31] . This could theoretically result in a decrease in negative appendectomy rate from of 15-20% to < 5% [32] . However, further studies would be required to establish the population risk and benefits. Additionally, the use of unnecessary radiation should be avoided and FACT scan can limit the radiation dose particularly in adolescent patients. This was an important consideration in our study as the mean age of patients in this study was 12.75 ± 2.7 years (range 10 -21 years) with a male to female ratio of 1.2:1. These findings were consistent with those of previous studies that suggested a slight male predominance, with the majority of cases occurring between 13 and 25 years of age [33] . The study is limited by its application to older patient cohorts where excluded other differentials such as malignancy are particularly important.
Conclusions
With the ever increasing utilization of CT, our study favors the use of early FACT scan whenever there is suspicion of AA with equivocal findings to prevent unnecessary delays in treatment and prevent progression of AA to perforation and gangrene. The use of non-enhanced FACT scan is associated with lower costs, rapid access to imaging, a reduction in radiation exposure and hazards associated with using contrast medium. Overall, consideration of this imaging protocol can help reduce negative appendectomy rates, reduce the burden on hospital resources and optimize patient safety. Therefore, a more widespread use is advocated.
